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GENERAL DESCRIPTION 


The term mica is derived from the Latin "micare," meaning to shine 
or glitter. The brilliant reflection of mica is one of its most striking 
Characteristics and has directed more than ordinary attention to this rroup of 
Minerals. Mica is sometimes callcd isinglass, although this term should be 
used more correctly to apply to the semitransparent suostance (gelatin) ob- 
tained from the air bladders of certain fish. Muscovite glass has also been 
used to designate one variety of mica, and from this term has been derived the 
mineralogical name narascovite 0 which is anplied to the most common mica. 


The mica group contain a number of distinct minerals which, thoug 
more or less similar in physical- “netie, vary greatly in chemical oo: 
tion. The most pronounced proverty they possess in common is a highly develop- 
ed basel cleavage, Wnich permits separation, witn more or less facility, of 
agerezates into sneets, devending upon the variety of mica. The cormon varie— 
ties of mica and their formulas are siven by Dana as follows: 


Varieties Theoretical formla 
eo cuca Wels dc okdiua cnn HokAl=(Si04) 3 
| | ~ Phlogopite seenesiivenenie LB, K, (Mer), M SgAl (Si 4). 

Biotite eee ee (HK) o(Mz,Fe), (Al,Fe)5 (Si04). 

PROBING be wa xenonesasia a (atone) Al (Si0,) 5 
Roscoclite Sapaicsee eae Hp (Ms, Fe) (Al. Wat cee 

| BaReeGNl 66 cc edxetaucses Hpvadl (S104). | 
Zinnwaldi te ee ne (K,Li). FeAl, $120, .(0H,F)2 ? 
Ventionciind. | peeceseeese goiliilar to viotite,: rich in ferric iron. 


| These formulas have not been established definitely and are of little 
value, except to indicate that micas are complex silicates of variable composi- 
tion... Tne micas are commonly classified according to their dominant corponent. 
-Muscovite is called potash mica; nhlogopite, magnesium mica; biotite, iron 
mica; lepidolite, lithiun mica; roscoelite, vanadium mica; and paragonite, 
sodium micae 

Muscovite and Sais: sae. are the micas of commerce. Both varieties 

occur in comparative abundance and are found in crystals of sufficient size 
to yield fairly large sheets. They also possess the transparency and dielec-— 
tric strength which are the most desirable proverties of mica. The other 
varieties of mica do not possess the qualifications necessary for industrial 
use in the same fields in wnicn muscovite and iy as are employed although 
some of them have other characteristics that have brought them into a limited 
commercial use. r 
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Tne following descrisvtion of the properties, production, and utili- 
zation of mica applies only to muscovite and phlogopite. The properties and 
use of the other micas are disciv'ssed briefly at the end of this report. 


‘MUSCOVITE a ee 


Muscovite, or White mica, is the most important mica and is the only 
variet:, mined extensively in the United States. ifuscovite crystallizes in the 
monoclinic system and occasionally is found in very large crystals. The cnar- 
acteristic basal cleavare is highly developed. Crystals with a rhombic or 
hexagonal outline ave of common occurrence and are apt to confuse the true 
crystallization. The anzles between tne prismatic faces vary somewhat from 4 
the 120° angles of a true hexagon; and this, together with certain other 
morphological and optical characteristics wnich muscovite displays, places it 
in the monoclinic system. If a sneet of this mica is struck with.a sharp in- 
strument a typical percussion figure apoears. This figure is formed by three 
intersecting fractures wnich form a’6-rayed star with angles of approximately 
60° between each ray. Muscovite has a hardness between 2 and 2.5 on the Mohs 
scale. The specific gravity ranc-es from 2.7 to 3.0 and the index of refraction 
from 1.56 to 1.50. Thin plates are transparent, but larger mica masses are 
opaque. Tne color varies greatly. Thin sheets are generally nearly colorless, 
and color tecomes evident only in the thicker plates. Varying shades of green, 
gray, and reddish-brown are most cortnon, ‘A zonal distribution of coler follow- 
ing the crystal structure is sometimes noted. The luster is commonly vitreous, 
The very smooth surface of the natural cleavage reflects light very efficiently 
and produces a brilliant reflection. Tain sheets are both flexible and elastic, 


o. 
a 


; Muscovite has-a marked tendency to dabencnpsteitics with einen miner- 

on lis is wnfortunate,.as the: presence of these other minerals has ruined 

a great deal of.mica which otherwise would be quite usable. The most common 
tne tuaed impurity is magnetite. (magnetic oxide of iron), the presence of which 
greatly lowers the electrical resistance of the mica. This impurity is dark 
brown or blaci: but often has been altered to other oxides of iron that are 
lignt brown or vellowe Garnet, rutile, and tourmaline, as well as other micas, 
particularly. biotite, are often found inatergrown with muscovite. 


vrae physical properties of mica from different localities vary great- 
ly. Differencesin the perfection of cleavage affect the ease with which the 
mica may be prepared for use.. Increased nardness is generally a detriment, as 
the softer micas are in demand. Flexible mica is necessary for some uses. 
Freedom from color and perfect traasparency are essential for others. Prac- 
tically all tne industrial uses of mica are pope ene uron its physical proper- 
ties and not upon its chemical composition. A study of these properties 1s 
therefore desirable cspecially when a new mine is under development as the 
marxets in which the production may be sold and the price which can be obtained 
may be greatly restricted due to the imperfect development of some of these 
qualities. 


° 


Chemical Cormosition 


The following analyses indicate the composition of muscovite from 
different localities. The isomorphous substitution of equivalent radicals 
causes endless variation in composition. 
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Composition of muscovite from variov us localities 


omen ee ee eee ee es ee > ee eee er er ee ee mene Seen sams enna 
’ ‘ 


Giseketieal | socaiee Conrecticat’/! 3 vorth Carolin a Cali iforaia®/ _ 


45.2 |! 45,57 45.05 | 45.40 i 15,63 
TOS pes ota dee | ee ere 1<10 | Trace 
A150, 38.5 36672 30.57 | 33.66 : 37.42 
Fe,0,, wane O262 edo dels | PSs | Trace 
FeO. ecegeyawave |: . bees 1.73 | ee eee 606 M0 
M Se Anieaieen 38 sor Tee | evinteeas 
CaO. Wedaewseese gel Ueto eaeaes | bs ds Ui ptaviae Sse aca. | ee 
Naoe || eiueizera es 62 2.13 | 1.41 | 1.43 
X50 11.8 8.81 | 10.23 | 6.35 | 9.95 
PCa lecerehiee:) 610 “lanaeantecee | Trace : 2 
10 5 5.05 | 6.19 ! 5.46 | 4.43 
F I as 1.25 | 69 =e oa 


TT60.0 888388. oo 

1/ From Idding “Sy Joseph P., Rocl: winerels: 1] LS0G5- De 420. . 

2/ From Clark, F. W., Analyses of Rocirs and Minerals: U. &. Geol. Surve 
Bulls. O92, LI1Sy pe: So0s | 


Cecurrence 


Muscovite is widely distributed in a variety of roczs, It is present 
in enormous quantities as one of the essential iroci-fsrming minerals of gran- 
ites, schists, and sneisses; but in tuis form it has very littie commercial 
wienth cance, as the scales are smail and ordinariiy cen not be recovered eco- 
nomicelly. Recently, however, some mica schists containing an unusualliy hisn 
percentase of mica have been used to a limited extent as a source of mica for 
erinding. The weatnerins,of these rocks has liberated large quantities of 
mica in unconsolidated ~ixtures of mica scales, quartz, and kaolin or partlz | 
zwaolinized feldsoar. If the maret for sround mica continues to exmand it is 
probable that more attention will be paid in future to material of tnis trmc: 
aS a source or mica suitable for grinding. <A considereble quantity of finely 
divided mica is already recovered in the Soutnern States as a by-nroduct in 
washing china clay. 


Muscovite of commercinl size--tnat is, sneets at least 1! bd: 2 inches 
--is found invariatly in devosits of vesmatitic origin. hese »neematites are 
Similar to sranites in eee ee composition but are charccterized oy ver 
coarse crystallization. The essential minerals are feldspar aad quartz. 
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Muscovite is a common accessory. Toursonline, garnet, apntite, teryl, topaz, 
spodumone, amblreouite, cassiterite, or tantalite is often present also, but 
ordinarily only in relatively small quantities. Tle exceedingly coarse cry- 
stallizetion encountered in many permatites is of ;-reat inmmortance to the mica 
industry in that it vrovides large masses or boolts cf mica from wrich sheets 
of consideratle erea can be ottained. Single crystals of mica weighing over 
2 tons have been discovered. Similarl:, these pegmatites supply very large 
crystals.of spodumene, beryl, quartz, and feldspar; and these accompnn;ing 
minerals may be of interest, not only from a mineralogical standpoint but 
COmmMerceally. a ) 


Pe matites vary in width from a few incnes to several hundred feet. 
They are irregular in form, apgecring as stocks, chimmeys, lenses, sheets, or 
masses surrounded by rocxs of a granitic character. FEranching ond sudden con- 
traction in width are cormon. The largest crystals of mica are generally 
found where coarse crystallization prevails. The crystals of mica may te 
scattered througi:o1t the vesmatite irregularly or nay disolay a tendency to 
concentrate near the contacts with the surrounding rock. Amons the risks of 
mica mining are the possibilities that tne size of the vein, the mica content, 
or the size and qunlityv of the individusl rica crystals or boos may diminisn 
to unprofitatle prozortions with little or no warning. 


Feldsvar is the most comaon mineral found in pegmatites and often 
constitutes 50 to 90 ver cent of the rock mass. Feldspar alters readilv, fornm- 
ing other minerals, particularly kaclin. This t:eaolinization is accelerated by 
moisture and warm temperatures and frequently vrocceds to consideratle depths, 
as in the rumcrous "flucans" diles in the Southern States. This results ina 
chemical and physicecl disintegration of the rock, so that it may ve ensily 
excavated. Mica is often unattacked by the agencies that cause kaolinization 
and marr be found unchanged, although the surrounding feldspars have been entirely 
altsred. a | : 


Although muscovite large enowmn for use as sheet mica is found only 
in pegmatites the occurrence of pegmatite formations does not imply the vresence 
of marizetavdle mica. This is illustrated in several States that contain large 
areas where such pegmatites are common but no appreciable amount of mica for 
commercial use is produced. . 


One of the most essential requirements for sheet mica is that it be 
flat and free from folding and distortion. ‘The degree of metamorvhisrm to which 
the region hns been subjected during or‘subsequent to crystallization of the mica 
is therefore an important factor. Where the agencies producing metamornhisnm, 
particularly great pressure and accompanying movement, have been in ovidence, 
the mica may have been so distorted as to be wavy, ruled, and with an li:aperfect 
cleavage so that even sheets can not be produced. Mica of this nature is worth- 
less for the manufacture of sheet material and can.only be used for the mam- 
facture of ground mica. The best mica is found in regions of geologic stabil- 
ity. The largest and most important mico-producing areas of the world are in 
such regions. 
PHLOGOPITE 
Pnlogonite, more commonly known as amber mica, has not been found in 
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the United States in cormmercial quantities, altnougn it has been noted in 
small deposits in some areas. .Deposits in Yew York and New Jersey were worked 
for a short time but did rot prove to be large enov.zn to justify continved 
operation. 


Phlogopite crystallizes in the monoclinic system but lilce muscovite 
often apoears in crystals having a hexagonal outline. It possesses a nerfect 
basal cleavage that permits senvaration of tlocks into thin sheets with ereat 
facility. Trin sheets display a tyoical amber color and appear to be as flex- 
ible and elastic as muscovite. The snecific strevity ranges from <.8 to 3,0 
end tne index of refraction from 1.55 to 1.61. 


The hardness is usually reported as teing 2.8 to 3.0 or somewhat 
harder than muscovite. Nevertneless, since BAe colt is used commerciully 
at points wnere a soft mica is required one would swmpose that it actually is 
softer tnan muscovite. The nardness of mica, nowever, is ordinarily determined 
by noting the rate of abrasion unon the edge of a sheet, and it nas been 
stateds/ that the softness of phlogopite is due more to its brittleness and 
friavility than to a lack in trve hardness. Possitla differences in the hardnes: 
on the edge as compared with tnat cn the face of a sheet may also contribute to 
this apparent anomaly. 


Chomical Composition 


Chemically phlogopite is py Pree TAC EY, oy a high masnesia content, 
as snown in the following analysis</ 


Sample from Samle from 
Edwards, N. Y. Burgess, Canada 
SidD paces 1c: con oo 
Ti0s sists seed sal cette faassacce alse «o6 
Alo0% Berea 17.00 
Feo03 ee re Se ere ent 
Fed 014 ye) 
BaQ Bi eG tetas ‘ 062 
20 29.26 20 249 
Lids sO7 se getectgi-Beeteuen aie ais 
Nao eHD » 60 
K90 8.52 9.97 
#950 5.57 2.99 
F ee ee a 2,04 
100.23 © 100,60 


Tie percentage of iron in scme pulogopites is often greatly in excess 
of that indicated above. 


ree ae ee ee 


3/ Schroeder, , Richard, ‘Mica and Mica Products: Puvlished ed by Julius ae 
Soringer, Berlin. 

4/ Clariz:, F. W., Analyses of Rocks and Minerals: U. S. Geol. Survey Sulie 
591, 1915, ve 5336 | 


6690 - 6 o 


Inf .Cir.iio0.6205 


Gecusrence 

According to a letter from W. T.Schaller, onlogopite may be very abun- 
dant in regions of contact metamoronisin, but shects of commercial sjze are 
found in oily a few places. So far as Known commerci:l deposits are wil cf the 
dilke type, the pniosopite formins an essential part of the injected dike roc. 
Inis form of occurrence is similar to that of mascovite, except that the other 
constitucnts of the dike are different, being chiefly pyroxene (diopside), 
anatite, and calcite, usvally with sraller quantities of rormblende, pyrite, 
and other minerals. In soite of these dikes, whlogopite forms over 90 per cent 
of the roc: mass, occurring in sneets and rude crystals a foot or more in 
thickness. 


Phlosonite commouly occurs as disseminated crystals and sheets scatter- 
ed through large areas of metamorphosed rock, usually limestone that may origin- 
ally nave eka dolomitic in character. In such disseminaved occurrences only 
local concentrations of large sneets could develop into conrercial possibilities, 
and no deposits of this time have been vorked, 


USES OF MICA 


Mica possesses a peculiar comtination of uscful physical properties. 
Its perfect cleavage, niga dielectric strength, mecnuanicnl eureneth, flexibility, 
transparency, mechanical stability, hent resistance, nonabsorption, and luster 
have made the mincral serviceable in many industries. For many purposes it is 
virtually indispensatle, as no satisfactory substitutes nave been found. 


Ry far the most important function of mica is as an insuletor in the 
electrical industry, particularly where noninflammability or extraordinary 
resistivity is essential. Quantities cf shect mica are used in various house- 
hold electrical arpliances. liicaz washers of different sizes formed into hollow 
rods or tubes and bonded with shellac are used as insulating sleeves and bush- 
ings of electrical macliinery and X-rny epyaretas. Mica tubes are also mide of 
mica splittings cemented by shellac or glyptol and rolled to the vrover thictness. 
Ground mica cemented by means of lead borate is also e:mloyeda for insulation. 


i.tural sheet mica is used yrincinally in flat insulatior, the larger 
sizes ee - ermloyed in a Wide range oF snapes. Various heater shapes, unon 
Which the resistance elements of ae ee appliances such cs flat irons are 
wound, are mace fron "pattern mica! Small articles, such as commutatcr segments, 
disks, wasiers, and sundry small snenes used in the clectrical industry, are 
made from "ranch mica, It is estimatcd that nearly 30 per cent of the world's 
production cf sheet micn, inecludifiz ouch mictn, is utilized in electrical insu- 
Intion.? 


Mica windows in hoise-neatinge stoves constitute o use that is well 
fmown, thocen of declinin,s immortence. Substantial quantities of shect mica 
are used, newever, as glazing material in lamp chimeyzs, lanterns, projection 
lantern slides, canopies and shields, eye protectors, peepholes for furnaces 
and ovens, ond similar transparent articles exposed to heat. Phonogroann dia- 
paragms were formerly mede of mica out have now been almost whoily displaced 
oy a new tive cof metal ci 


+ eee ene. aw eee. ne ee ee ee ere — eee re eee cee «eee eee ee ere ws ee eee + were eee mee we er ee ee ee = ee 


5] Spence, Tugn §&, Mineral Incust=: Yol. 37, 1928, ». 414, 
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Nica splittings, waicr are thin films of mica, are used with suitable 
cement in the manufacture of built-up mica toard and other forms of electrical 
insulation. Tapes, cloth, and paner faced wita mica snlittings are also used 
for insulating. 


Both sheet and bailt-wo mice are used to some extent for decorative 
purposes, notaoly in lamp shades, and coarsely ground mica is extensively om- 
ployed as "Christmas tree snov'! during the Lolidays and for decorative nurposes 
on post cards, uel nner stucco ,: and plasters. 


2 


Ground mica is rsed in great quaatities in repens automobile tires, 


rolled roofins, and asphalt shingles and as a filler in rubber goods, varticu- 
larly soft ees oe and plastic wail finishes. "tt also has a varicty of 
oie uses, for example, in heat insulating, annealing steel, and 


lubricating, in eee in ceramics. 


for electrical insulating »vurooses doth muscovite and vhlogopite 
(amber mica) are used. The latter, nowever, is often oreforred where high 
temperatures are involved or for commitator insulation since £t wears down 
easily with the copper and does not need to be undercut. For some miscellaneous 
purposes Clear shect, lepidolite may be used in place of muscovite as it has the 
advantage of greater hardress, Vermiculite, calcined and ground, is preferred 
to other varieties of mica for heat-insulating and sound-deadening purposcs 
and also competes with other kixds of ground mica for docorative finishes, and 


in paints and lubricants. Riotite is also cmloved as sround mica. 
HISTORY OF MICA MINIiG Tn TES UNITED STATES 


There is evidence that the production oF mica was the first mining 
industry develoned in North America. In anv event, mica mining was carried 
on by the asorigzinal occvpants of this country at an unmown date. Many 
ancient woritings neve bean found in western North Carolina, and thousands of 
tons of do>ris still lying on the dumps indicate that the mining of mica was 
an extensive and important occupation. Ancicnt mines which have been found 
consisted of small irrezular workzirgs thet evidently rollowed the richest con- 
centrations of mica. Mining vas carried on in the oxidized portions of the 
peematites in which the feldspar had teen vartly kaolinized, which facilitated 
mining. Operations ceased when hard rock was encountered, as the tools emloyed 
could not break it. Considerable mysterv surrounds these old worlsings,, but 


_, they are tclieved to have been made by the ancient mound builders, inasmuca 


as mica ornaments have been uncovered in excavated moumds in the Ohio Valley. 
Just wnat value was attached to mica by these aboriginal miners is not known. 

A small amount of mica kas been found in excavations but not enough to account 
for the large quantities that must have been extracted. It has been suzgested 
that this material may have been utilized as a medicine, as is done in India 

at present. These ancient miners evidently possessed accurate inforiaation con— 
cerning the location ‘of good deposits of mice, andi it tas been cormonly ob- 
served that when these have veen reopened they have furnished large quantities 
of mica of excellent quelity. 


Tre Ruggles mins in New Eamshire was first operated in 1603 and 
was probably the first mica mins to be exploited on a commercial scale. Tne 
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first production of mica from New Hanps’tire was employed for stove windows and 
also to a limited extent in glazing on gunodoats where concussion from gunfire 
was sufficient to shatter zlass. Early mining in New Hampshire was carried on 
irregularly, and production had little importance until after the Civil War; 
Mica minirg on a modern scale was begun in North Carolina about 1858, and pro- 
duction from tnis State for many years was nan controlling factor in the Amer- 
ican market, 


ne first demands for mica were for large sheets suitable for glazing 
purposes and it was not until the insulating. oroperties of mica in electrical 
equinment were recognized that an active demand for hich-class material devel- 
oped. Tnis started aporoximately in 1890, and since that date the increasing 
demands of the electrical industries have dominated the mica market. The use 
oz mica as a glazing material has gradually declined: and in the last few years, 
during which time the use of heating JELOVOS has decreased, this mar'set has. 
greativ Ciminished. a pe ete fe | 3 ae 


Mica deposits ave been known in India from an early date and since 
1885 the importations of India mica to this country have increased steadily. 
In 1894 the process of manufacturing built-up mica board from mica splittings 

was discovered. The large-size sheets which may be constructed in this manner 

and the eose with which mica may be fabricated have steadily increased the 
market. for this material. Until very recently splitting s have been manufac 
tured only by hand; and India, with a large supply of cheap ‘labor and saelly 
solitting mica produces ao rroximately 70 per cent of the world's suzply of mica 
arid is able to maintain a dominating position in this industry. Svlittings 
have been manufactured at times in eke country and still are paqeueces rom 
anber mica in Canada. | 


PROSPECTING 


Prospecting for mica consists essentially of first locating a veg- 
matite waich may contain mica and tnen determining; by exoloration the quality 
and quantity of mica available. Where pernatites do not outcrop their presence 
can not be detected readily. In the United States, especially in New England, 
glaciation has eroded the surface ’so tnat little overburden is left, and many 
pegmatite outcrops are exposei. Some of thes¢ | exposure verymatites neve been 
developed into successful producers of mica end feldspar. In the Southern 
‘States the presence of pogmatites is often indicated by the disintegration pro- 
ducts formed by kaolinization of the feldsparss Unaltcred mica is frequeitly 
found in the kaolin; and its presence on tue surface, where it is readily de- 
tected by its slittering rei Flection, muy be a valuable guide to its occurrence 
in the underlying rocl. At times the course of a pegmatite may be traced for 
rs) considerable distance by the’ presence of the mica in tne overlying Boils 


The occurrence and structures of pennies. tozether with the un- 
certainty of their mica coitent, are such that systematic nrospecting is 
seldom justified. Rarely does it pay to locate deposits oy tunnels at regular 
intervals or by diamond drilling. Ditcning to a snallow depth across the sur- 
face may sometimes be helpful, and it often pais to sink short holes with soil 
augers or similar Equipment | to determine tne nature of the soil below the sur- 
face. After a promising-loolting pegmatite has been discovered tie ordinary 
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procedure is to sink a shaft- or’ drive a drift into the rock where the most mica 
1s in evidence, If the mica proves. to be too poor in quality or if it is not 
present in quantity sufficient to warrant..continued operation the srospect is 
abandoned before any great financial investment has been made. If the pros- 
pecting appears promising, ‘mining is continued in the most economical manner 
“until enough mica is recovered for sale to afford some idea of the returns in 
comparison with the costs of operation. 


MINING umeTHoDsS/ 


The irregular structure of ens Use: hae one avery notable effect 
on the development of mica mines, for it has tended to discourage large sys- 
tematic operations. As mining is continued tne vegsmatite formation may sudden- 
ly decrease in size, or the mica may cease to‘te present in paying quantities. 
In view of these uncertainties ‘operators are reluctant to undertake any ex- 
tensive program of preliminary development. tg ee | 

| The industry as'a wnole is characterized by a large number of small 
operations of shallow depth, many of which are worked intermittently according 
to the price of mica or the leisure of the operator, and in general it may be 
stated that these workings are carried on very irregularly with a minimum of 
mechanical equipment or financial investment. Mica mines’ in this covntry may 
be classified briefly in three groups; (1) Those that are small and irregular- 
ly operated, (2) those that. have been successful] in a small way and have been 
increased in size and equipped with sone. mecnanical aids, and (3) large Well- 
equipped mines that are eee eecereine to a systematic mining method. 


Tne first groun sepaeeeats ene in its most elementary form, often 
called "gopheringe" or "ground hoscing", and vroducés small irrezular excava- 
tions with a single aim of fecoverin;: as much mica as »vossible at the least 
expense, Only the simplest equipment is used--mostl pielts and shovels in 
the decomposed, upver zone.. When hard rociz.is encountered it is drilled by 
hand and shot with black powder or 40 per cent dynamite. ‘Winine is carried 
on in a most irregular. manner, and small tunnels are driven from one mica 
crystal, commonly. called a:"boo!, to the next. so that the most mica may be 
recovered with a minimem of rock handled. Where conditions are favorable 
these crude methods sometimes result in the recovery of con ‘isideratle good 
sheet mica, but usually they fail to recover a large percentaye » and wren 
abandoned tney leave the deposit in an unfavorable condition Zor reopening. 
From the national viewpoint, therefore, such operations are uneconomic, al- 

hough they may be justified to the extent that they permit the extraction 

= some mica at a profit and also serve to prospect uriznowm ground, with the 
‘result that the property may. finally te developed into a real mine. Where 

he pegmatite outcrops on a hillside a tunnel driven in so that it will af- 
ford a natural drainage is often a great help. Some oven-pit workings have 
been abandoned as soon as. the excavation reached water level as no pumping 
equipment was available. . - e | 
Where these small operations disclose good ore bodies more system- 
atic operations and the purchase of better mechanical equipment may be justi- 
fied. Many or tnese mines, in the second classi< “ication, are provided with 
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air commressors so that mechanical drilling is possible and with nums to re- 
move water. They may be timbered sufficiently to “old the walls. <A typical 
mine of this class consists of an irregular excavation wuich has been driven 
throuch a veematite at an angle of 35 to 40°. Tracks are laid on the incline, 
and hoisting is done with a steam noist so that cars of mica or waste may be 
“rought to the surface and taken to sorting or storage sheds or trammed to 
the dum. Systematic stoning is generally impossible because of the irregu- 
larities of the deposit, and a simmle breast stope is driven where the occur- 
rence of mica is most pronounced. It is sometimes noted that mica will tend 
to.concentrate on one of the walls, and this may be a valuavcle aid in mining. 
It is also occasionally noted that the large valuable crvstals of mica are 
found associated with large mosses of quartz or feldsnar, and mining is 
restricted to these points where the coarse crystallization seems to be most 
favorable. tulls are placed across tie stope as needed to prevent slabbing 
from the walls, and a small amount of timbering doné where necessary to hold 
the roof. 


In drilling the rock care mist te taien not to penetrate the mica 
crystals in order to avoid damaging valuable material. An experienced miner 
can readily detect the presence of mica under the drill, as it drills with a 
peculiar resilience and is not readily penetrated. Forty per cent dynamite 
is the explosive most commonly used, and after the round has been fired and 
the air has been cleared the mica is separated from the other minerals and 
thrown into a car and hoisted to the surface. The recovery of feldsnvar as a 
by-product is sometimes possible, and in this instance the feldspar is also 
sorted out ani trarmied to its separate dump. This process of working down an 
incline on the outcrop of a pegmatite with an inclined snaft and irresular 
stoves is provably the most coninon method of underground mining. Some flat- 
lying formations Fave been worked by roon-and-pillar metnod leaving enough 
pillars to provide 2 support. The possibility tnat the mine may suddenly 
cease to be profitable necessitates a minimum finencial investment and the use 
of equinment that may be moved readily to another locality if necessary. 


The third class of mines, comprising the few systematic, well- 
organized operations, is found only where pegmatites have been discovered 
that are large encigh and contain enough mica to assure some permanence of 
operation. Such minus have been developed in New Hompshire, North Carolina, 
Alabama, and South Dakota. A remarkably large number of workable mica-bearing 
pegmatites dip at angles ranging from 48 to 60° from the horizontal. Some 
of the best exnmples of well-planned mines are in deposits that have sucha 
structure. Ordinary practice is to sink a vertical snaft in the country rock 
on the nanging-wall side or an inclined shaft on the foot-wall side. In | 
either instance drifts are driven to the pegmatite, and the mica-bearing rock 
is removed by breast or overhead stopinge 


There is undoubtedly considerable justification for tne crudities 
that characterize mica mining. The irregularity of the pegmatite deposits 
ond the uncertainty of the presence of mica increase the nazard of successful 
operation. When one poctet of mica is exhausted there is no means of detcrmin- 
ing another, except by continued minin; in waste ground. Diamond driliing) 
might be of some assistance but is rather'‘expensive, and results might be mis- 
leading. The value of a deposit denends not only upon the amount of mica 
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present but also woon the quality, which can be determined only by examination 
and use. The miner, therefore, is constantly confronted with uncertainty re- 
Garding toth sucvly and quality. . 


Tne feldspar vroductioan of the country is obtained from similar CEH 
sAtibee: ond in many of the feldspar-mining operations mica is the valuable 
vy-proiuct. A moimoer of the feldspar mines or quarries have been developed 
on a large scale, owing to the necessity of producing a large tonnage to justi- 
fy oneraticn. These foldspar deposits are generally worked as opencut quarries, 
altnucusn there seems to be an increasing tendency toward underground operatione 
they are zenerally equirved with air compressors, mechanical drills, and mechan- 
ical nanlage for mova of the cre. The rock is stripped, if necessary, to | 
remove overburden, drilled with jack homners, and shot with the proper explosive, 
generaliy 40 ver cent d:mamite. The troken ore is covbed by hand and tne clean 
spar tnrown into quarry cars for removal to the storase bins. The mica found 
is senerally thrown to one side and later sorted into clear, fiat materinl for 
trimming into sheets and scrap, Wiicn is set aside for grinding. The produc- 
tioa of by-product mica in feldspar mining often provides an additional source 
of rovenue Wuich may pay a large paxrt of the cost of operation. 


IiPERPECTION 


Flat, unstcined mica is the most valuable, and as much of the mine- 
run material contains imperfections which must be removed it is necessary to 
sunlit and croade the wiine-run mica with great care so thet a maximum of sicet 
material may De recovered. 


Disturbed crystallization is one of the most important sources of 
imperfecti-ns in mica. It causes rumoling and distertion of the mica crvstals, 
so that flat, clear material can not be recovered. Many terms are used to 
describe mica of this class. "Tangle-sheet" or "tansle-foot" mica soiits im- 
perfectly and with tearing of the sheets. "Ruled" mica contains planes of 
Separation other than the rco~ular cleavage planes. MWMuny terms are used to 
describe tais condition, sich as "ribbon," "wedge," "soearhead," "A", "nair- 
lined", "reeved!, "fisnbone!, "nerringbone!, and "horsetail", nese yarting 
planes are vrovably caused by pressure on the mica crystals during or aftor 
crystallization, so that gliding vlanes have been oroduced. A great desl of 
mica is ruined and has little commercial value due to this cause. Such mae 
terial is suitable only for grinding and can be classified only as scrap .11lCae 


"Jedce! mica is a term applied to bloci:s that are thicler on cone 
Side tnan on the other. %It is impossible to split filins of uniform tnicicness 
from sucn bdlocis, and tne value of the material is decreased. Intergrowtns 
of crystals cf other materials are conmon and mixed crystals of muscovite 
mica Witn biotite mics, germet or tourmeline are occasionally encountered. 


Svecks and Stains 


or spccired <icn contains tnin scales or streaks of dar x 
minerals, eee ily the ivor oxides that are rot crv-stallized with tne mica 
so that they lie tetween the Lemince tat do not penetrate into the sheets any 


cons eG. distance, Tne inclusions in some crystals e arranged in 
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patterns corresvonding to certain crystallocranhic directions cf the mica. 
Many interesting and peculiar vatterns are produced thus. At times the inclu- 
Sions will be so abindant that the mica is rendered opaque. Black stains usu- 
elly consist of mametits whose presence can be identified readily by removinz 
the stain and tcstins it with an ordinary magnet. This magnetite sometimes 
alters to other oxides of ivon, producing rea or vellow stains of hematite or 
limonite. The presence of small anounts of magnetite botween the laminae does 
not greatly affect the insulating power of the mica Zor low-voltage uses, and 
this material finds consideratle use in the electrical irdustries in svite of 
its stain and unattractive appearance. 


Clay Stains 

Mica which contains clay between the laiainae is called clav—stained. 
This condition is most commonly met vitiat or near the surface of the deposit in 
the zone of weathering and tends to disappear wita devnth. The mica crystals 
at the surface are often opened up by weatnering agencies and ere easily con- 
taminated. by the surrounding soil. 


Color. 


The color of mica depends pon the thiciness of the block that is 
observed. Tne thicker tne blocks the more nroncunced and darker the color. 
Very thin sheets are generally colorless, even if obtained from a block which 
has a pronounced color characteristic. The most common colors are rum, ruby, 
amber, or various shades of green. Colorin; has very little industrial im- 
portance, although oecasiorally it is cused to identify the source from which 
the mica came. In general the reby mica is softer and the green mica tends 
to be of greater hardness. 


Brittleness 


For some purposes mica is curled into small tubves or bent to fairly 
sharp angles¢ and to mcet these conditions it must bend without breaking. A 
common field test is to take a thin film and wrap it around a pencil. 


Air Bells 


Much mica is ruined bv the presence of air bells, wWnich often are 
prescnt ia such cuantity as to make the mica practically worthless. The 
highest quelity of mica should be free from all air inclusions and snould te 
perfectly sound when examined by transmitted light.’ Due to strains on the 
mica, possibly when it was in the ground and also afterward When in the course 
of maruacture it has been subjected to rough handling, it often hapnens thet 
air bélls appear between the laminnc. If tnuese bells are large they nave 
little importance and can not be considercd a scriovs detriment because ae 
can be removed by splitting the mica block along tne leminae tnat contai 
the air. In some instances it harpeng: that the mica blocks are so riled 
with air bells that are universally cistributed between practically 211 of the 
laminee that their removal by careful splitting is entirely impossible. This 
material hes comparatively little value, as the air inclusions can not be re- 
moved, and their presence renders the mica so unsound that it is unsuitatle 
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PRIMING AND CUTTING 


The sorting, cleaning, erading, trimming, and cutting of mica are © 
essentially hand processes, and little progress has been made in developing 
machines capable of doing this work, The sorting and trimming of mica require 
constant use of judgment on the part of the operator, so that a maximim of the 
most valuable material may be recovered. It is therefore necessary to use hand 
labor, and for this reason producing localities with an abundant suvply of 
cheap labor, have a very decided advantage over regions where labor costs are 
higher, 


Rouen Trimming or "Cobbing!! 


Tre masses of mica as talven from the Inine maz ‘be roughly hexagonal 
in snape but are more commonly in the form of irregular masses. These masses 
are termed "mine-run'!, "run-of-mine!!, "book mica, or "block mica." The term 


"block mica! is unfortunate, however, because it ig elsc applied to imported 
sheet mica. The mica is first "cobbed! to remove all adhering rock, and ruled, 
wrinkled or otherwise defective blocks are discarded as scrap. The blocks are 
rapped with hammers to separate adhering dirt. Rough mica is commonly passed 
over a inch screen to remove dirt and small fragments. The small pieces are 
later utilized as sCYrap. 


Trimming sneds are provided at some mines, but most of the snall miners 
sell: their rough-cotbed mica to firms thatsort, trim, and manufacture the pro- 
duct into forms desired by electrical companies and other consumers. 


Rifting 


Cobbed mica of good auality is split into sheets 1/68 inch thick or 
less. Workmen who perform this operation are known locally as "rifters," 
Where imperfections are present at intervals between the laminae skill and 
judgment are required so to split the blocks that the imperfectfons may be 
removed... The increased percentage of high-grade mica tnat may be obtained by 
proper splitting certainly justifies the employment of skilled rifters. 


In handling amber mica the masses, which may be several inches thick, 
are first split into plates about % inch thick. The edges of these plates are 
then hammered to loosen the laminae, so that the splitting knife may be easily 
inserted. A double-edge 3-inch blade with a V point is used. The shects are 
solit to eabput 1/16 inch, and all edge imperfections are cut away. 


aoe and ¥nife-Trimning 


After rifting, the sheets mary ‘be "toumt-trimmed"! by breaking off 
with the fingers all inferior material around edges, or they may be "knife- 
trimmed." The removal of the zone of etched, crished, or tangled mica from 
the outer edges greatly facilitates further svlitting. "Sickle-trimmed" or 
"Indien-trimmed' imported mica is closely "knife-trimmed", practically all 
flaws and cracks being removed. In tris respect it differs from domestic 
"iknife-trimmed,! much of which is marred by cracks and flaws. The "sickle- 
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trimmed" sheets are irregular rounded rectangles cut with beveled edges. 
"Madras-trimmed" mica is that obtained from Madras, India. It is cut into 
approximately square patterns and is known as "shear-trimmed,¥ for it is cut 
with shears, and the edges are not beveled but are cut normal to the cleavage 
plane. Trimmed mica is lmown as "uncut" or "unmanufactured," It is graded 
according to size and quality. It may be sold to the consumer uncut, or it 
may be cut into any desired final size or shape. 


MANUFACTURE OF SHEET MICA 


Many standard shapes and sizes of sheet mica may be kept in stock, 
but no manufacturer who is unfamiliar with the requirements of tne trade and 
the relative demand for various sizes and shapes snould attempt to cut mica 
to final form. Some companies have been almost if not quite bankrupted by 
stocking up with unpooular sizes that would not sell. Unless thoroughly 
familiar with the consumer's requirements a manufacturer either should sell 
his mica uncut or should cut only on contract. 


Uncut mica is split into thin films and cut into various rectangles, 
circles, or more complex forms. The smaller masses are either made into 
splittings, as described later, or manufactured into disks, washers, and 
various small forms. Wasners and related forms are made with power machines 
fitted with compound dies, cutting outside and center hole at one oneration. 
Washers vary in size from 5/8 inch to 2 inches in diarieter, and the center 
holes from 1/4 inch to 1 inch. Washers may be built up with shellac to any 
thickness desired. Aside from the die macnines practically all trimming is 
done by nand, though an electrically operated rotary trimer has been used 
in Canada. | 


Most of the trimming and cutting, including the operation of die 
machines, is done by girls. The tools employed in mica trimming and splitting 
are very simple and consist of hammers, splitting Inives, scissors, and 
heavy hinted knives like paper cutters... & thin-bladed hardwood splitting 
knife is sometimes used, for wood is less liable than metal to scratch tke 
soft surface of the mica. 4A rasp may be fastencd to the bench in a convenient 
position to rub the edge of the block of mica so as to open up the sneets for 
splitting. Trimmers are provided with a set of wood, metal, or composition 
blocks or templets of the various standard shapes and sizes. Cutters become 
skilled in judging instantly the maximum standard size that any given sheet 
Will provide. The proper templet is placed on the sheet, and the latter is 
trimmed to size with the scissors. Tne hinged blade is used chiefly to trim 
the larger sneets of stove mica. 


The finished sheets are carefully sorted according to size and 
quality and placed in packages containing a specified number or weight. They 
may be rectangular, circular, or curved, or may be of more complex designe 
It is imperative that the sheets in a package be uniform in quality and colore 
Canadian records show tnat each trimmer of amber mica produces 40 to 45 
pounds of medium-size sheet mica per day. 


Considerable improvement is possible in the trimming and grading 
of mica, and such improvements would assist greatly in popularizing domestic 
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mica, iica users prefer India mica in men; instance s, not becaise of superior 
Quality, tut becaise it is so carefully craded and trimmed that little waste 
results ¢rom manwfecturings processes. Much of tne dcmestic mica is not sc 
closely trinmed. or sabes eraleds therefore a mich higher percentazo ort 
lose results, and the con wer is prejudiced 2cainss the Anerican product. 
There is a very “iisn percenta,e of waste in the trimming end cutting 
processes. Usually 96 per -cex it or more of ‘the ‘orisinel block is cut away and 
can be used only as scrap for rae oy ea vena Tne small proportion or finished 
snest mica ottciuatle renders many mica enterprises umrofitable. A czreful 
inquiry br the United Stetes Gvolcgical Survezy in iicated thet from 1916 to 1918 
block nica as ovtrined from a nunver of importont mines ylelied.only 9 per cent 
or uncut sacet and 23 p2r cent of unevt punch. The final wield of cut rica 
was.4 per cent of sheet and 3 psr cent of washers, wnite the remainins 29 per 
cent wes screp. _ a, = — | ; 


MICA SPLITIINGS 
Lares quantities of mics are consumed in the form of snlittings for 


the marutecture of built-up rica beard. These soplittinss consist of films 
0.00907 to 0.001 inch thick and are made Troi nieces too small to use Tor 


-encet ratericl, or, where a better quality is desired, from the small sizes of 


sheet stocs, Splittings mast be at least 1 square inch in area, must have no 
thick edge, and mist be free from ell iaclusions of other minerals. Solittinges 
produced in Canad. from amber inica ave irnown es ae split mica," a in the 
United Strtes the terms "skimcings" and "rilms" are sometimes used. 


Practically al] muscovite svlittings come from India, where the 
splittins is do:.e mostly: by children. Tre children not only work cheaper, _ 
Lut they have a delicacy of touch that is an aid ‘in tne production of such thin 
filns. Tivo classes of splittings are vreduced. Loose snlittings mace From 


irregalar picces of mica aré smxill and charactoristically irregular in outline. 
Pan-oacked snlittings are made from guall sect EOOUS y. eencrally sizes 4, 5, 


ond 6 This. material, having prenared fror trimmed sieets, has even out— 


lines and greater area and is pacized in nans to produce a lsminated conerent 
mass. ‘The price, o2 pan—pacr: ed ‘eplittins is necessari! Ly mach greater tran that 
of loose a tings. | | 


Pigs torenl eeieee are menufactured in Cannda and Madagasenrs 
Some of the Canadian :aica nas also been Spit mecuenicolly in the United States. 


St 


eae Devices 


yo ee eG oo 


sand 
riethods has proved pronivitive. A creat deal of :noney nes been-spent in 


‘In the United Stetes the lat or cost of splitting. by the usual ° 


euitiese etrvenpts to manvactire splittings mockauicelly, A promising device 


= Se ee 


consists of a freme in waicn the dlock of oica can be ripped and then »ierced 


on the edse by a point, a microuetcr attachment beins provided so that the 


thickness May be regulated avcwately. it is necessary to comlete the snlit- 
ving by hand, however, and the machine has never vroved a commercial succesS. 
A mucber of vatents wake been igsuced for other solitting devices, but tneir 


er sD 
use has not become estaclishied in the wica inaistry. 
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Qiite recently (1928) there was nut into operation at Valvaraiso, 
Ind., a2 splitting machine utilizing en entirely new princinle. Small books 
of mica are fei between two belts which run over 2 munber of pulleys. The 
benacine action gradually senarates the films of mica in the book, and the 
colittings are finelly delivered to a trommel which removes the dust and szall 
flaxes. The splittings then drop in front of a suction drum from Wiicn they 
are delivered and laid flat, ready for the application of a liquid binder such 
28 shellac or glyptal, for the manufacture cf mica >Doard,. 


SCRAP MICA 


Scrap mica consists of taterial that, due to imperfections, can nct 
te manufactured into sheet goods, Scrap is classified according to origin as 
mine scrap or shop scrap. ‘The mine scrap consists of the folded, immerfect, 
or discolored wiica wiich has been discarded at the mine during the sorting of 
mine-run ore. line scrap is contaminated by adhering impurities. Shop scrap 
is composed of the trimmings produced as a by-product during the manufacture 
a sheets or films. As this material is obteined from mica that has been sub- 
ject to selection it is cleaner and has a better color than mire scrap. The 
flake mica recovered in. clay-wasning operations may also be classificd es 
screp, as it is utilized in the same manner. Scrap mica mst be vrepared for 
the market by grinding to the sizes required for industrial use. 


The prevaration of ground mica originated in the United States, and 
production has teen limited almost entirely to this country. Operations were 
begun atout 1£30, and production has increased stesdily in volume since that 
date, «A few mines Lave been operated for scrap alone. In these »roperties 
the mica vas found in large quantities but vas either too small or toc immer- 
rect for use as sheet. With an increased demand for scrap mica more atien- 
tion has teen paid to its recovery from other sources. Considerable mica 
associated with feldspar and kaolin is recovered as a by-product and sold for 
grinding. : 


GROUND MICA 


Mica is ground both by wet and dry methods. In general, the tendenc; 
is to use dry grinding to produce coarse material end wet grinding for the 
finer sizes, The production of ground mica in the United States has grown 
so rasidly in recent vears that it has cormenced to assume the proportions of 
a separate and fairly substantial industry. For this reason it is being made 
tne subject of a forthcoming information circular of the Bureau of Mines pre- 
pared by F. W. Horton, and will be treated quite briefly in the present papere 


The grinding of mica presents one of the most difficult problems 
in the milling of nonmetallic ores. The peculiar combination of properties 
that mica displays, particularly its cohesion, tougmness, flexibility, and 
smooth surfaces, maxes it difficult for any type of mechanical equipment to 
gras> the mica so that it can be torn or reduced in size.e Mica presents the 
unusual phenomenon of a soft mineral with a highly developed cleavage that 
makes it difficult to redyce to a ;round condition. The results attained with 
mechanical beaters are somewhat siiilar to that obtained by hitting a feather 
with a sledge hammer, and the work accomplisned is in no wise proportionate 
to the energy expended. A certain amount of secrecy surrounds mica-grinding 
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mills, although the methods exmloyed present nothing new other than the adapta- 
tion of well-known srinding methods to the problem in hand. 


Wet Grinding 


The first tyve of equipment emplosyed in wet grinding consisted of 
Simple tuts provided witn impellers for stirring tne charge. These tubs are 
uprignt cylinders constructed of wooden tlocks with the end srain exposed to 
resist abrasion. The impeller is a wooden disk that fits loosely within the 
cylinder. The cylinder is filled with clean scrap mica, and enougn water is 
added to permit free motion of the charge. Tne impeller is then pressed down 
on the mass and started revolving. The friction of the disk churns the entire 
mass so that the mica is constantly being split and abradec by the motual im- 
pact and friction of one piece on another. Tne friction is so great tnat the 
water actually boils. Grinding is slow, eight hours being commonly required 
to grind a batch of three to four hundred pounds. 


Edge ruiner mills of larger capacity have been installed in several 
plants. These likewise are constructed of wood. The pans vary in size wp to 
10 feet in diameter and 36 inches in depth, the wooden bottom being constructed 
of end-grain blocks. Four wooden rollers approximately SO inches in diameter, 
with 24-inch faces, revolve around a central snaft. These rollers are so 
arranged that they can be raised and lowered, depending upon the height of 
the charge in the mill. Wasned mica scrap is placed in the mill, water is 
added, and the rollers are lowered so that they are in contact with the cnarge. 
The rollers revolve at comparatively low speed and churn the mass until grind- 
ing is completed. 


The wet ground mica is sluiced from the grinding mill to a settling 
tanl:, the sunernatent water from one tan’s often being led to another in which 
the finest mica is recovered. From the settling tans the vet mica is shoveled 
out and dried on steam tables, after which it is screened, generally on 160- 
meshe Oversize material is returned for further grinding, and the undersize 
is sacked for shipment, 


Dry Grinding 


A number of devices have been employed to grind dry mica, and many 
processes have been attempted that involve heating to promote its disintegra- 
tion. Buhr mills and emery mills have been used with varying degrees of suc- 
cess. Hammer mills are used in some plants, the ground mica discharged througn 
the mill screens being elevated to multiple-deck vibrating screens that »roduce 
the size required. This process has been described in detail®/ In recent in- 
stallations Marcy rod mills have been employed successfully. 


= 


6/ Antisell, T., Mica Mining and Milling Methods: Eng. and Min. Jour., vol. 
122, No. 23,1926, pp. 894-596. 
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WORLD PRODUCTION 


The annual world outnut of sheet mica has grown in three decades 
from 1,250 to over 11,000 short tons. The world production of scrav and 
ground mica has also increased greatly, but no figures on the production of 
scrap and ground mica are available. India has long been the leading vroducer 
of sheet mica; however, other British vossessions, notably Canada, which vro- 
duces phlogopite, and Soutn Africa and Rhodesia, which have recently greatly 
expanded their output of'muscovite, also contribute substantially to filling 
the rapidly increasing demand for mica. Madagascar has become a large source 
of phlogopite sheet and splittings. Argentina, Brazil, Guatemala, Japan, and 
Russia produce minor quantities of mica. During the last decade for which 
figures are available (1919 to 1928 inclusive, the United States produced an- 
proximately ll per cent = the world's output of sheet mica. , 


Available figures of the world's production of shest mica for 1900 


to 1928 and the percentages represented by the production of the United States | 
are snown in the following table: 3 
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World production of sheet mica, 1900 - 1928, in short tons 


| Other 


United | | 
India \ Madagascar | Canada | coun- 


States 


Percentage of 
total in the 
United States 


Year Total 


3/ | tries4/ | 5/ 


1900 - 1 (6) f= 1° ij 1,255 

1901 1,274 ee | (6) - 1 ! 1,455 12 
1902 1,143 ale | (6)° 1. 85 I. 1,415 © 13 
1903 1,206! 3 | (6) | ‘s9 | 1,853 20 
1904 1022! -- . » GY, ae 71S a ese 24 
1905 1,447) -- | (6) | 15 | 1,924 24 
1906 3,039 ~ ( 2B7 - 1. AG | 4,087" 17 
1997 2,187 ~~ 1 387°.) . G4 7° 3,158 17 
1908 7/2,677| 1 UL. Q1e8. i i400 | 3, 506 14 
1909 1,828) -- |. 185. | (9192 "1 3,040 30 
1910 | 1,238 2,218: a “ 379 1° (172 | 4,007 <s 
1911 944 2,595! (8) | 295 207 | 4,041 23 
1912 423} 3,328) ~-— .-}" 290 J>° 217 | 4,253 10 
1913 850 | 3,499) 6 | 552 | 184 ©! 5,091 17 
1914 278 | 2,268! 3 | 298 | 130, | 2,977: 9 
1915 277 {| 1,702! 1 ' 209 | 118 | 2,307 12 
1916 | 433} 3,063! 3 | 604 , 107 | 4,2t0 10 
1917 638 | 3,503; (8) | 583 | 265 | 4,989 | 13 
igi | 822 | 3,357. 4 i 374 | 485 | 5,042 | 16 
1919 773 | 3,309, 21 | 647 | 584 . 5,334 | 14 
1920 842 4,285 | 55 | 770 | 483 | 6,435 | 13 
1921 S71 /7/1,819; = 155 | 198 js 325 | 24868 13 
1922 | 5g9/° 2,416' lol | 197 | 285 | 3,588 | 15 
1923 | 1,032 | 4,665! 182 1 455 g0g8iwsié‘?yzsd‘AS 14 
1924 730 | 3,925 | 315 | 6&1 (1,927 | 7,573 10 
1925 897 | 5,583: 294 | 480 | 3,629 | 10,885 : 8 
1926 | 1,086 ; 5,037; 325 | 306 | 2,008 | 8,768 | 12 
1927 756 | 4,339) 600 | 390 : 3,771 | 9,856 | 8 
1928 ; 841 | 5,347; 700 ' 68 (4,282 11 228 | 8 
1/ Figures represent exports except as otherwise stated. 

2/ Exports. 

3/ Figures for 1914 - 18 estimated by U. S. Geological Survey on the basis of one- 


half of total reported production of mica in Canada. Figures for 1919 and 
1920 compiled from official reports of the Departments of Mines of Onterio 
and Quebec. Figures for other years as revorted by Dominion Bureau of 
Statistics. 

some scrap mica included, as data are not revorted sevarately for some coun- 
tries. The figures, also, are not complete, as production data are not avail- 
able for some countries, especially in the period, 1913-1918, inclusive. 

Total covers only countries for which statistics revorted. 

Figures not available. 

Production as reported by Geological Survey of India. 

Less than 1 ton. 


ie 


eivioks 


10 


DOVESTIC PRODUCTION 


| The mining of micu in the United States is a small industry. The 
agcrecate value of the mine rroduct fluctuates greatly from year to year but 
rarely exceeds $500,C9G in any one year. Wuen properly graded and prepared for © 
market the value of domestic output is of course considerably larger tnan the 
price -paid‘$co° the miners, but even then the total value is not very great. 
Production ‘firires for rougn-trimmed and cut mica show a general upward trend, 
fs oFanbseee bes bh see 1296 and rising to a maximun of 2,476,190 nounds in 1910. Turing 
vhe World War there was a decline, but since 1918 the output of uncut shect 
mica nas varied from 741,245 mounds in 1921 to 2,172,159 pounds in 1926, the 
average oveing only a trifle hicher than before the ware In 1928 only 1,620,000 
pounds valued at $259,209 was vroduced. 

The outout of scrap mica has varied sreatly from year to year. 

Since 1221, however, the quantity annually produced has definitely increased, 
averaging 7,156 short tons valued at $177,451 for the five year period, 19°2 
to 1927 inclusive, as compared with 4,013 short tons valued at $55,396 for the 
pre-war veers, 1295 to 1913, 


New Zermos:ire and North Carolina are the chief producing states. 
Normally, fully oncenalf cf the American output of sheet mica has come from 
jew Hampsnire ard mere than one-third from North Carolina. Both of these 
states, esoecially North Carolina, prodice yearly large cuantities oF scrap 
mica, althougn suostaitial quantities of this quality of mica are also pro- 
duced in other states, notably. Colorado, Connecticut, New Mexico, and South 
Daicotae 
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Mica produced in the United States, 1880-1927 


Year jRough trimmed and cut mica Scrap mica Total quantity| Total value 
Quantity Quantity Value (short tons) 


(pounds) (short tons) 


$127,825 


100, 000 | | 250,000 
100, 000 250 , 000 250,000 
114,000 | 285,000 | | 285 ,000 
147,410 | 368,525 368,525 
92,000 | 161,000 | 161,000 
40,000 | 70,000 ; 1,000 10,000 80,000 
70,000 142 250 2,000 15,000 157,250 
1&88 48,000 | 70,000 720,000 
1889! 49,500 | 50,000 196 2,450 52,450 
1890 | 60,000 | 75,000 496 6,200 81,200 
1891 75,000 100 , 000 100,000 
1892 75,000 | 100,000 100 , 000 
1893 51,111 | 80,629 156 8,300 88,929 
1894 35,943 43,793 191 8,595 52,3588 
1895 44,325 : 50,381 148 5,450 55,831 
1596 49,156 | 65,441 222 1,750 67,191 
1897 82,676 | 80,774 740 14,452 95 ,226 
1898} 129,520 103 , 534 3,999 27,564 131,098 
1899 108,570 | 70,587 1,505 30,878 121,465 
1900] 456,263 | 92,758 5,497 55 , 202 147,960 
1901 360,050 | 98,859 2,171 19,719 118,578 
1902 | 373,266 83,843 1,400 35,006 118, 849 
1903} 619,600 |! 118,088 1,659 25 ,040 143,128 
1904} 638,358 | 109,462 1,096 10,854 120,316 
1905 924, 875 160, 732 1,126 17, 856 178,588 
1906 | 1,423,100 252,248 1,489 22,742 274,990 
1907 | 1,060,182 349,311 3,025 42,800 392,111 
1908] 972,964 234,021 2,417 35,904 267,925 
1909 | 1,809,582 234,482 4,090 46,047 280,529 
1910 | 2,476,190 283 , 832 4,065 53,265 337,097 
1911 | 1,887,201 310,254 3,512 45,550 355, 804 
1912 | 845,483 282, 823 3, 226 49,073 | 3,649 331, 896 
1913 | 1,700,677 353,517 5,322 82,543 6,172 436,060 
1914] 556,932 278,540 3,730 51,416 | 4,008 329,956 
1915} 553,821 378,259 3,959 50,510 4,236 428,769 
1916 665,863 524,485 4,433 69,906 | 4,866 594,391 
1917 | 1,276,535 753, 874 3,429 52,908 | 4,067 806 , 782 
1918 | 1,644,200 731,810 2,292 33,130 |. 3,114 764, 940 
1919 | 1,545,709 |. 483,567 3,258 58,084 4,031 541,651 
1920 | 1,683,480 1/| 546,972 1/ 5,723 167,017 6,565 713,989 
1921 741,845 1/} 118,513 1/ 2,577 56,849 2,948 175,362 
1922 | 1,077,968 194, 301 | 6,641 114,045 7,180 308, 346 
1923 | 2,063,179 311,180 8,054 129, 695 9,086 44.0, 875 
1924 | 1,460,897 212,035 | 4,709 87,242 5,439 299,277 
1925 | 1,793,865 321,962 | 9,695 173,537 10,592 495,499 
2,172,159 400,184 | 7,043 136,642 | 8,129 536,827 
1,512,492 212 ,482 ; 6,280 110,139 | 7,036 322,621 _ 


1/ The figures for sheet mica in 1920 and 1921 represent uncut sheet mica ex- 
clusively. In previous years the totals have included some cut sheet mica. 
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IMPORTS 


In 19¢8 the United States imported for consumption, exclusive of 
scrap mica, a total of 4,104,885 pounds of mica having an aggregate value 
(foreign-market value) of $1,426,495. As may be noted in the following table, 
the bulk of this importation consisted of. mica splittings, which normally con- 
stitute about three-fourths of the’ eee and apouk. two-thirds of the value 
of the recorded imports. 


Mica imported for consumption oad States, 1927-28 


Quantity | Quantity | Value 
) 


Manufactured 
Gut PC nea te eae 


62,075 75,469 49 555 93,964 


Splittings ..... 2,588,253] .1,123,808| 3,496,353 | 1,025, 790 
Ground). asieansacsere - — 150 53 
Bullt—up yecssss - 8,097}: 9,211. 4,896 4 539 
WASHES? wesesic we 1, 732 536 3,296 1,291 
Manufactures .e. 21,183 21,983 9,000 6,664 
Manufactured total ... 2,683,340! 1,231,007) 3,563,250 | 1,132,301 
Unmanufactured total . ' 776,307! 399,302) 541,635 294,194 


Grand total, scsi. so. 8,459,647; 1,630,309; $1104, 885 [1,426,495 

The foregoing table does not include scrap mica, wee though imoort- 
ed im substantial quantities has hitherto been reported under the general clas- 
sification, "Waste not specially provided for,8 One company alone, however, 
is said to nave purchased about 3,000 tons in 1928, andthe total imports of 
scrap mica for that year probably amounted to at leash ‘39,000 tons, most of 
which came from India and Africa. India is by far the principal source of 
splittings and most of the other forms of mica imported into the United States. 
In recent.years about two-thirds of the total imports of mica have come direct 
from-India, and further quantities of India mica, including manufactures, have 
been. imported by way of Great Britain and other European countries. Canada, 
however, is an important source of unmanvfactured mica, and in the case of 
ground mica, valued at not above 15 cents per pound, is the principal source 
of supply. The imports from Canada probably consist 2lmost wholly of amber 
mica, and mica of this quality is imported in small, though increasing quan- 
tities, from Madagascar. The imports of splittings from Madagascar, combined 
with those from France--whidh doubtless, likewise originated in Madagascar-— 
exceeded those from Canada in 1928. The small imports of built-up mica are 
mainly from Germany, which also ranks as the most important European source 
of other forms of manufactured mica (except washers), of which British India 
again is the leading country of origin. A numver of countries, however, con- 
tribute to our supvly of mica, particularly the unmanufactured grades. Of 
these countries South Africa, Argentina, Brazil, Chile, Czechoslovakia, 
Guatemala, and Mozambique have all appeared in the statistics in recent years, 
in addition to France, Great Britain, Germany, and- other European countries, 


imports from which are probably transshipments. 
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TARIFF 

Under the tariff act of f 1922, scrap ice Was. dutiable at 10 per cent 
ad valorem under paragraph 1457 as "Waste not specially provided for." In 
the draft of tariff bill H. R. 2667, as reported by the finance committee to 
the Senate on September 4, 1929 ‘paraeranh 208), the duties of both scrap and 
ground mica were reduced to 5 per cent, a reduction of 5 per cent on scrap and 
of 15 per cent on ground mica, Increases were recommended on cut or trimmed 
mica from 30 per cent to 35 per cents and on unmanufactured mica valued at over 


15 cents a pound, a compound rate of 2 cents per pound and 25 per cent ad 
valorem was proposed in lieu of the he rate of 25 per cent. 


EXPORTS 


Exports are chiefly of the .manufactured or semimanufactured forms 
and go principally. to Canada, with England and France the next largest con- 
sumers. miatiSt ice do not show the nature of these mica manufactures, but the 
Tariff Commission’/ ventures the opinion that since the value has ranged in 
recent years from 7 to ll cents a egies they are Ethene £ rom ground mica and 
meercnee AUR TACAnY ES? _— oe oie 


‘Mica exported from the United States, | 1910-1928 | 
“eae oars Carre 

20,545. 

35,916 © 

_ 40,812 © 

-° 62,184 | 


Value per poun 


LIS & i saeeceas | | ere 
L914: aie “i , “waeatarecereeees 50,896 oer 
1915 | 39,033 sok 
1OUG: el te | wand | "78,671 ‘se euats 
1917 "74,485 ‘aes 
1918 neice fo. 94,529 seule 
1919 eo ee {109,348 er 
1920 ee 316,169 5 axane vs 
1921 ee “1569990. + «te. uu» Beeeee 
1922 1,134,397 ~  ;  . : 129,286. $0.114 
1923 © 1,804,842 |. - 182,162 0.101 
1924 1,5 | 169,741 — 0112 
1925 . 198,596, | «082 
1926 _ 230, BLL 2099 

207, 263. 

229,391. 


7 a of Tariff Information, 1929. “Schedule 2, Earths, Earthenware, and 
Glassware, p. 466... Oo «oes 7 4 
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GRADES AND SPECIFICATIONS 
Classification 


As regards quality, American mica is classified into three principal 
gradess (1) clear, (2) slightly stained or spottéd, and (3) heavily stained or 
spotted. Although this basis of classification is not ovjectionable, the eb- 
sence of definite limits for each grade causes mach confusion oa often ness 
in improper grading. 


AS regards classification by size, the United States, Canadian and 
Indian systems are all different. In general the United States and Canada 
micas are classed on the basis of rectangular dimensions of pieces that may 
be cut from the sheets, while. the India classes are'on the tasis of area in 
square inches of the rectangles that may be obtained. 


The United States classification is as follows: The lowest grade 
of sheet mica is designated as "punch." The uncut sieet mst be large enough 
to yield a circle 14 inches in diameter if stained and 1} inches if clear 
The next size, "cixclell », Should provide a disk nearly 2 inches in ameten: 
The smallest rectangle is 15 x 2 inches and the sizes following are 2 x 2; 
2x6; 3x3; 3x4; 3x5; 4x6; 6x6; 6 x 8 8 x10; and larger. When 
properly trimned the uncut mica sheet is approximately one and one~half times 
eas large as the maximum standard rectangle that may be cut from it. Each 
class includcs the cizce designated and all larger sizes until the next class 
is reacned; thus a sheet that would cut.to a rectangle 3; x 53 inches or 35, 

x 6 inches would be classed as 3x5. 


Canadian siosep’ ve: a also eieeaea on, the basis of dimensions of 
rectangles obtainatle, but the sizes differ somewhat from the United St ates 
standards. They are as follows: 1 x1; 1x2; 1x3; 2x3; 2x4; 3x5; 
4x 6; and 6 x 8. The Indian classification is based upon the area of aaa oie 
mica in the sneet for which 10 arbitrary classes have been provided. Of | 
course some limitation must be placed on dimensions, for long narrow strips, 
thougn having large areas, would be suitable for few purposes. The accompany- 
ing chart is used to classify mica according to the India grades. The blocks 
of mica to be graded are placed at the lower right corner of the chart, with 
the longer diameter running vertically. The position of the upper left corner 
of the block determines its grade. The curves indicate the minimum size of 
each grade. Thus, if the corner of the block is located left of curve 3 but. 
Coes not reach curve 2 the mica is in No. 3 grade. The approximate range in 
area of the various grades, in square inches, is shown in the upper left _ 
corner of the chart. Tne three sizes too large to be snown on the sheet are 
designated "special," having a range of area 48 to 59-7/8 inches; "extra 
special," 60 to 71-7/8 inches; and "extra extra special," having an area of 
72 square inches or over. | 
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es Specifications 


Requirements of mica for electrical purposes relate to dielectric 
strength, heat resistance, and flexibility. <All good electrical mica is suf- 
ficiently resistant to heat for ordinary electrical equipment, and this »roper- 
ty is therefore rarely specified. Specifications for dielectric strength vary 
for different uses and with different consumers for similar uses. Mica has 
such a high dielectric strength that failures occur most oma in defective 
spots. Therefore, in selecting material where high dielectric strengcth is 
required it is very important that the mica be carefully exanenee and all de- 
fective sheets rejected. _ 


Flexibility is an important proverty in mica that must be wound ; 
into tubes of small diameter. It is commonly specified that mica for wrapning 
spark plug spindles must be so flexible that a sheet one~-thousandth of an inch 
thick may be bent into a cylinder one-fourth of an inch in diameter witnout 
cracking. . 


For stove use or for similar vurposes where transparency is required 
mica is specified as "clear" and "spotted." In North Carolina stove No. 1° | 
must be free from cracks and stains but may contain "air bubbles," but stove 
No. 2 may be spotted and stained to a limited extent. There is great need 
of more rigid and clearly defined specifications for tunis a as. sore mica 
sold at present as "clear" is decidedly spotted. | , 


Many specifications for sneet mica call for India mica. This is aus 
partly to the erroneous impression that India mica is inherently of superior: 
quality and partly to prejudice against domestic mica, due to its imororer 
grading and trimming. A rigid specification that rules out all but India 
mica certainly discourages development of the domestic industry, and domestic 
producers snould endeavor to have specifications modified to read "India mica 
or its equivalent." This would give the domestic producer a better onportun- 
ity to market a product of equal quality with the imorted mice and would 
encourage better grading and standardization of domestic mica. ‘es 


eee 


Severcl dealers in mica issue what thes term a "Standard Price 5 List" 
but the actual sales are transacted on the basis of discounts, sometimes as 
high as 90 ver cent off this list. Owing to the moltiolicity of sizes and 
differences real and fancied in quality, it is impossible to renresent the 
market situation accurately by means of any single schedule of prices. Even 
the product of a single mine may be sold at widely different »rices, and the 
only rule is that prices under every contract and often under individual sales 
are arrived at through a process of bargaining between buyer and seller. In 
the United States prices of scrap mica have averaged recently from $14 to $25 
a short ton at the mines. Often mines sell their entire output as ungraded 
or run-of-mine block mica at a flat price per tone Others grade their product 
more or less carefully. As mav be seen from the following table, the prices 


received vary between wide limits. 
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Price and. value of domestic mica marketed in the Un ited States 
| oi from 1900 ue 1927, | 


‘Year | Total value 


1900 | $147,960 - 
1901} = =118,578 | 
1902 118,849 © 

1903 143,128 

1904 120,316 

12905 172,588 

1906 274,990 

1907 392,111 
' 1908 267,925 
1909 | *« 280,529 

1910 | 337,097 

1911 355,804 

1912 331,896 

1913 436,060 

1914 329,956 

1915 | 428,769 

1916 594,391 — 

1917 — 806, 782 

1918 764, 940 ' 

1919 541,651 

1920 713,989 

1921 175,362 

1922 — =~°308,346 

1923 440,875 

1924 299,277 

1925 495,499 © 

1926 | 536,827 


1927 | 322,621 


mica mined 
$26 


Average price 
short ton of all 


| punch mica 


——; Bunch : 


! 
| 
| 
! 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


per | Average vrice ver 
pound of sheet and 


- $0.20 


027 
ee 
219 


ei 


Range of prices per pound for rough-trinnéa uncut sheet mica in n 927h/ 


Size Clear Stained’ Size . 
Punch SO. 05-$0. 15; $0 .04-$0.13 || 3 by 
14 by 2 inches e207. 63D; e20- 20. [3 by 
2 by 2 inches o40- ".85} 215+ .35 |! 4 by 
2 by 3 inches ~67— 1,350 0- £60), 5 by 
3 by 3 inches 1,.00- 2.15 260- 1.50 |] 8 czy 


4 inches 
© inches 
6 inches 
8 inches 
10 , inches 


~ Clea: 
$1.20 
1.75- 
2-00- 
3. 7 De 
7.00- 


~$2.20 PT Ts 


ar 


2.64| 1.10- 1.75. 
3.50] 1.50- 2.00 

5.00] 1.75 4.25 
8.00] 2.50- 3.00 


L/ As revorted to thé Bureau of Mines by producers and others engaced in the 


industry. 
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‘On the basis of the total quantity and sales value of mica produced 
each year as reported to the Bureau of Mines it is possible to figure out the 
average prices obtained by producers. It will be noted from the accompanying 
table that the average price received per ton has-ranged from a minimum of 
$26 in 1900 to a maximum of $246 in 1918, and. that the average vrice obtained 
per pound of mica marketed as sheet, likewise, has varied greatly. Variations 
in these figures over a period of years ‘indicate little, if anvthins, with 
regard to the long-time trends of prices, because data are lacking to show 
variations in.the respective proportions of expensive large-sheet mica and of 
cheaper sizes. : 


OTHER VARIETIES OF MICA 


A great nuwaber of different varieties of. nia. are known ‘6 the miner- 
alogist, but most of them are of rare occurrence and of no commercial import- 
ance. A few.of the micas other than muscovite and phiogopite, however, are of 
some industrial significance and merit attention. The. most prominent examples 
of these wmusual micas that are of some Peseta | value are paaeees lepidolite, 
roscoeclite, and sericite. i 


Biotite 

Biotite, the black iron-bearing mica, has found little industrial 
anprlication, . This mica is a common constituent of many of tne dark zranites 
and is also. found in schists associated with garnet, amphibole and. Sthee min- 
erals. In these rocks it occurs in small scales that. can not be senarated 
readily. It occurs frequently in pegmatites, and even when it occurs in large 
sheets its presence is very objectionable where the pegmatite is being worked 
for feldspar.. This mica does not possess the perfect cleavage of muscovite or 
phlogopite and can not be split into thin sheets easily. : 


The objections to a wider use of biotite are its unattractive color 
and hign iron content. The following analyses are more or less typical. 


Analyses of biotite:/ 


ee 
Auburn, Maine | Butte, Mont. .|)  [Auburn, Maine Butte, Mont. 


$102 | 34.67 35.79 Trace 
Ti0s ate, 3.51 | 015 
£150s | 30.09 | == 13,70 9.09 
~Feo0zg]}. = gs 42 5.22 1.21 
FeO |. | 7 8 
MnO 510 
Cad 76 
Bad «20 
MgO 100.29 | 99,59 


aD ae en 
1/ Clarke, F. W., Analyses of Rocks and Minerals: U. S. Geol. Surveys Bull. 
591, 1915, p. 333. 
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The comoosition of different diotites disnlays great variation, as 
may be exvected, and an endless substitution of the .different radicals makes 
possible the formation of a long series of dar’ micas which are all loosely 
classified as biotites. Biotite commonly exhibvits a. dull. luster althcugh 
svecimens are found at times. which after cleavage to a new surface disnlay a 
brignt and resvlendent surfuce. 


Some attempts have been made to use biotite for roofinz mica, but 
they nave not been successful due to the limited sunply of the material and 
its dull color. Since its cleavage is not develoved highly enoush to permit. 
tne Ssevaration of aggregates into very tnin sheets when ground, ground biotite 
Goes not have as great a surface or covering power as other micas, wnen used 
to coat such materials-as rolled roofir7. If any demand for biotite should 
arise wnich could be satisfied by material in small scales the most likely 
Source would be the mines that are oporated for abrasive garnet. Sich mines 
are located in New York and North Carolina, and in some of the denosits the 
carnet is associated with biotite in a schist. . During concentration of the 
Garnet the mica is separated and throw: swav. Recovery of the mica would te 
possible if there wes a marscet that wovl?d make the overation vrofitable. 


scnists, composed re of Diotite with such accessory minerals 
as quartz, feldspav, and garnet, have been used for grinding to produce a 
filler similar to trast obtained by grinding scrap mica. ‘ne grindinz procedure 
is also similar 


The biotite.schist is mined in small, ivrezular excavations from © 
which the rock is recovered with a minimum of expense. After transportation 
to the grinding mili it is passed through a jaw crusner and then rollers which 
reduce it to minus i0-mesh. From the rollers it is fed to wet chaser mills 
and ground in batches, following the same procedure employed for the production 
of wet-ground mica. A charge of 15 tons requires an average of six nours grind— 
ing. When a batch is finished the contents of the mill are sluiced to a set- 
tling tank, where the sand and grit are permitted to settle out. ‘The overflow 
is conveyed to another settling tank where the mica settles in a sludge which 
1s later filter pressed to remove as much water as possible. The filter cake 
is dried on steam coils, broken up in a hammer mill, and passed over a scalping 
Screen to remove trash. The mica is then screened through 160-mesh gauze on 
bolting trommels and the oversize is returned to the mill. The minus 1o0Q-mesh | 
material is mar’ceted as a filler. | 


Lepidolite 


Lepidolite is frequently known as the lithium mica, due to its uncom 
monly high content of this element. It is rarely found in crystals large 
enough to permit the separation of sheets of avopreciable dimensions. It occurs 
characteristically in massive aggregates composed of small intergrown scales 
less than one-eighth of an inch in their greatest dimension. In some instances 
these scales are so small that they can not be discerned without magnification, 
and the mtneral avpears to be a homogeneous mass. JLilac, lavendar, and shades 
of pink are its typical colors, althoush it is found in various shades of brown 
and gray and even is white in some instances. It is placed at 2 in the scale 
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of fusibility. No occurrences of lenidolite from which sheet mica could be 
obtained have teen reported in the United States. In Yestern Australia peg- 
matites bearins lithium minerals are of comson occurrence. In the Coolgardie- 
Londonderry area large crystals of lenidolite have been recovered. Clear 
Sneets 1 foot across were easily obtained. Tiis mica svlit readily and at- 
tracted favorable attention, but the remoteness of the dencsits has retarded 
their development and the industrial use of the mica has been restricted due 
to its low fusibility. 


Analyses of Lepidolitel/ 


A ey — 


| Paris, Maine | Acburn, Maine 
| | Lids 


| Avburn, Maine 


SiO | 50.92 49.62 3 | — MES4 
Al203 24.99 27.30 | NagQ | 2.11 | 2.17 
Feo03 | 30 31 K.,0 11.38 ; 803 
Feo | 123 07 jj -Rb50 Trace} 2444 
MnO : Trace s05 , Cs.0 Trace ; ate 
Ca0 | Trace --- | H,0 | 1.96 ! 1352 
MgO | | F | 5.45 


102.52 


Clarke, F. W., Analyses of Rocks = Minerals: 1 U. S. Geol. Survey, Bull. 
ole. LOL Sy Oe Ooi. 


Levidolite resembles muscovite in occurrence, in that it is found in 
pegmatite formations. It has been revorted in Maine and Connecticut, where it 
is found in the quarrvine of feldspar. MTyese occurrences apvarentl:y have no 
commercial significance, as the tonnage available is very small. It is found 
most abundantly in the Black Hills section of South Dairota, in San Diero County, 
California, and in Rio Arriba County, New Mexico.8 Prosvecting and mining 
overations nave disclosed appreciable tonnages in these areas. 


Levidolite has been used to a limited extent as a source of litniun. 
Tiis element is found in the minerals amblvgonite and soodumene in sreater per- 
centase and is more easily recovered than fromlevidolite. The resources of 
amnblyzonite and syodunene in South Daltota anpear ample to satisfy tne limited 
rarket for lithia, and it appears immrobable that lepidolite will b2 in any 
immediate demand for this ourpose. Zinnwaldite, likewise belonging to the mica 
Srouv, has been mired in Europe for its lithia content, but no commercial de- 
posits of this mineral. are known in the United States. 


The use of lepidolite as a raw material in tne manufecture of ceramic 
products has attracted increasinz attention durin z the past fow years. Tre 
manufacture of opacue glass consumes the largest tonnage of the aineral at 
present. lLepidolite,like feldspar, introduces alumina and alkali isto the 
Slass batch and the fluorine and lithia content of the mineral are beth valuable 
fluxing agents. Lepidolite is serviceable especially in the vroduction of opal 
and wnite glass. | 


Sea 


B/ Roos, A., Minins Lepidolite in in New Mexico: “Ey2eMin. Jour.-Fress, vol.l2l, 
NOe £6, 1926, po. 1037-1042. 
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Merely as. an opacifier, | ee is anparently ‘as effective as 
lepidolite and being much cheaper jis generally used in oval glasses and enamels 
but the presence of lithia is believed to be of value in the marpitacture of 
glasses used for heat-resisting. purposes. Ladooz states: = 


, "Some of the qualities which lepidolite is attributed td imoart di- 
rectly or indirectly to. glass are as follows: a lowering , of the coefficient 

of exvansion, thus décreasing the liability to breakage ‘on sudden heating and 
cooling; the tendency to reduce devitrification or the production of "scum" in 
the melt; the production of a harder surface on the finished glass, w woich will 
retain its luster in moist air; ‘lepidolite glass is ‘less brittle and withstands 
snocks and vibrations; lepidolite increeses the index of refraction and hence 
the crilliancy of the glass; it obviates the corrosion of ‘glass tanks, when 
maizing opal glass, attendant upon the use of cryolite instead of lepidolite as 
an onacifying agent. OA ess opal | batch given by. 3. Fe Drakenreld & Co. is 
as follows: 


Opal glass 7 batch 


eeaaienay 2,000 pounds | 
S008 ss ssaeeeeuass _  °,750 potinds 
Lime, (burned) . '  ° 40 pounds 
Feldsvar <0%4.clewas 240 pounds 
FlUOrTSPar wesaseee O80 vounds 
Lepidolite ....... ° 1,420 vounds 

Arsenic ...eeeee56, . 10 pounds . 
COlOPsnanieputeiae ‘10 ounces, 


"Lithium minerals are also used to some extent in enamel and glazes." 


For utilization in glass it is-essential that the iron content 
should not exceed 0.05 per cent of ferric oxide. The material should. be 
ground to pass a-40-mesh screen or to the requirements of the purchaser. More 
lepidolite would undoubtedly be used in the glass industry if the denosits were 

nearer the principal Slass-producing districts in Peiinsylvania and.West Vir- 
Ginia; the relatively high cost of bringing the material from California or 
New ORL CO. eastward tends to restrict its use. 


continued investigation of the ‘ceramic soseitr 1 ities of lepidolite 
mare ates that a market of potential importance exists itn this: field, provided 
tae material can be ‘delivered cheaply enough to compete on a price and tech- 
nical basis with ean oe now in use.. : | 


twel1s20/ ids inpeetiented tiie ‘effect of levidolite in hish tension 
electrical porcelain bodies. An abstract of this article states: 


| Wtepidolite 4g a lithium mica wich ‘has had considerable coumercial 
application in glass and enamels. Its use in porcelain: has not been tried to 


- 9) TA, R. rae Nonmetallic > Minerale: ‘Qcourrencs Preparation Utilization 
New York, 1925, p.. <r 

10/ Tvells, R., The Effect of Lepidolite in a Hizh Tension Electrical Porce- 
lain Body: Jow. Am. Ceram. Soc., vole 11, No. 8, 1928, po. 644-648. 
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any great extent. This work covers the replacement by levidolite of the feld- 
‘spar ina high-tension electrical porcelain. ‘The results show that changing 
the RO of the standard body by molecularly replacing K50 by Liod raises the 
vitrification temperature of the body, but that replacing feldsvar..directly 
pound for pound by lepidolite greatly lowers the vitrification temperature of 
the body. Lepidolite gives porcelains == a fine appearance and extreme 
whiteness. The most important property noted is an improvement of the. bodies 
containing lepidolite in resistance to thermal shocks. Owing to its nigner 
cost it ‘is unlikely that lepidolite will. be used in porcelains excevt. in small 
protortions with feldspar to produce bodies having svecial properties. As 
hitherto the most important applications. of levidolite will doubtless be-.in 
glasses and enamels where full. benefit can be secured ‘from its fluorine content 
and oe fusion So a : : a 

! The possible e of Lepidolite in banea Seti Sisaes has also been 
ies tonte a. Davis 1 syle of Leptao lepidolite for feldspar in a standard 
glaze formula in increasing amounts and determined the results. Eis conclu- 
Sions were not positive with regard to crazing..- The results exhibited on test 
pieces displayed a beautiful glaze surface; and. considered as a glaze material 
only, its cost was not considered vrohibitive. . It was believed that further 
experiments would place this ‘Little-used. mineral. on ‘the oe list of glaze 
ingredients. 


-Roscoelite .. 


Roscoelite is often !mown as vanadium mica, due to its cotent of 
this element. [It is found only in small scales; large sheets are unknown. 
Analysesl2/. are as follows: 


. ~~ ; 7 ae jnalyses | ee Roscoslite 


(Soluble portion | of vanadiferows “Sendstone) | 
_| Eldorado County, is eeaceny ted | Gaara County} Placerville, 


Calif. 7 Colo. - [ e Calif. | ——ol9- 


46.06 Bad - 1 4.35 
--- | Mg0 1.64 292 
22.55 fl 140, Trace --- 
12.84 | Nap0 ‘| ~. Trace. 222 
73 10.37 
344 


Vanadiferous manasiones Pn ee near:Bear Creek, Fall Creel: and 
Placerville, Colo., in which the vanadium is eee roscoelite, amd. other - 


11/ Davis, H. Be, Lepidolite in Gone 6 Te Terra Gotta Glazes. Jour. An. “Ceram. 
- Soc.,. vol. 12, No. 9,.1929, pp. 570-571. 
12/ Clarke, F, W., Analyses of Rocks and idnerales U.S. Geol. Suey: Bull. 
ogi, 1915, -p. 334. 
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related minerals. contributed anproximately 1é per cent of the world's simply 
of vanadium up to. the end of 1923, 13/ “The location of the ore bodies and their 
geology .and origin have beer discussed ty Hess.14/ . Roscoelite aovears in this 
ore as a cement which bonds the grains of sand, the scales of roscoelite being 
almost submicroscovic in size. Roscoelite-bearinz sandstones on East Rifle 
ee Colo, were the vrincipal source of vanadiun mined in this comtry in 

Doe 


Sericite 


Sericite may te considéred a muscovite of secondary origin. It 
resembles muscovite in comosition but differs from it greatly in form as it 
commonly occurs in agcregates composed of very small scales. ‘In this condition 
it is a common constituent of many secinentary and metamornhic rocks. It is 
also found in segregations of considerable pnurity from which commercial mater- 
lal may be recovered and in this form it tends to exhibit a fibrous structure 
and greasy foel which Kove resulted in tts being frequently confused with talc. 
Its origin is believcd to be due to tne action of hizh tenmeratures, mecnanical 
stress, aad the chanical activity of weter 01 feldsvathic rocks.15/ 


Sericite is prepared for market by grinding in hammer mills similar 
to scrap mica. Grinding is somewhat less difficult, as. the disintegration of 
the agzregates of smell scales is easier than tearing the larger sheets of 
muscovite. The principal use of sericite is in the rubber industry. I+ is 
used for dusting molds in which tires are formed and for this purvose it is 
claimed to te very serviceable in that it permits sharp impressions of the 
lettering on the exterior of the tire. It is also vsed for dusting black 
rubber. Due to the smaller size of the individual scales it is atsorhei more 
readily by the rubter than ordinary mica, and where a black surface is desired 
this becomes an asset. Common ground mica with a larger area in eacn scale is 
not absorbed so easily and may produce a silvery sheen, which is objectionable 
on black goods. ao: : , | a 


Sericite is widely distributed, but commercial production has tem 
small and limited: principally to the sericitic schists of Georgia. The 
Georgia schists and shales represent an important. potential source of pdotasn 
as they contain 8 per cent of ¥o0 in the forin of sericite. During the World 
War, wien imports. of German potash were interrupted, consideratle interest 
was displayed in the possibility of obtaining potash from these rocks. Des- 
dite the difficulties of breaking down a complex silicate, at least one anpar- 
ently suitalle process was devised for making the votash content available, 
-but the method was never established on a commercial scale. 


13/ Report of tne Subcommittee on Vanadiwn Min. and Met. Soc. of Am., Bull. 
175;..1925 5p. 28s. 

14/ HOSS Pe- De4 ‘Vanadium Devosits near Placerville, Colo., and in the 
Sierre De Los Caballos, N. M., U. S. Geol. Survey, Bull. 530, 1913, pp. 
142-160. . , oO | 
Hess, F. L., Marketing of Vanaditmn Ores-and-Metal: Ing. and Min. Jour.- 
Press, vol. 118, No. 18,.1924, pp. 694-698. 

15/ Clarke, F. W., The Data of Geochenistry; Sericitization: U. S. Geol. 
Survey, Tull. 770, 1924, pn. 604005, z 
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Sericite associated with dumortiert e€ occurs in a schistose formation 
in the Rochester mining district of Nevada, L6 The Commercial utilization of 
this material likewise has attracted considerable attention. Tne rock contairs 
anvroximately 75 per cent of dymortierite and 14 ner cent of sericite, the ree 
mainder being quartz and other minerals. 


When heated the dumortierite breaks down and begins to dissociate near 
1,250°9 C., forming a mullite similar to that obtained from andalusite. This 
vsericite-dumortierite mixture has been utilized in the manufacture of svark~ 
vlug vorcelains with very promising results. Its use as a refractory has also 
been suggested. The behavior of the sericito under these conditions and the 
value of its presence have not vet been determined accurately. 


MATERIALS ALLIEP TO MICA 
Vermiculite . 


The term "vermiculite" is anvlied to a group of micaceous minerals 
that generally are alteration products of mica. The original cleavage is 
partly retained; other physical properties and the chemical composition show 
varying degrees of alteration. Until a few years ago the known devosits were 
so small that vermiculite was considered a mineralogical curiosity. The most 
pronounced characteristic of vermiculites is great expansion on heating. This 
expansion or exfoliation takes place in only one direction, at right angles to 
the cleavage, and during exoansion the volume increases up to 16 times the 
original. At the same time the color changes from tlack or dark brown to a 
Silvery or golden hue, according to the degree of heat and the exposure to 
the air. This change of color is believed to be due to the oxidation of the 
iron, and it may be controlled to a limited extent Ty excluding air during 
heating. In an atmosphere of diminished oxygen content the oxidation is in- 
complete and the color decreased in intensity. 


A variety of vermiculite ikmown as "jefferisite' was first found at 
the Brinton quarry, West Chester, Pa., and for a time this was the only know 
occurrence in the country. It was discovered later-in Colorado, and some un- 
successful attempts were made to utilize it industrially. The discovery of 
considerable tonnages of this material in Montana attracted attention to its 
peculiar properties, and since 1921 a continued effort has been made to find 
commercial uses for it. 


The Montana deposits are located in the Kootenai Valley 9 miles north- 
east of Libby, a town on the Great Northorn Railroad. A typical analysis1& 
of this material after heating is as follows. 


Loss on ignition ...... ee re 0.7 
SLICE. weiwedascnwecaas eee-(Si0D) 42.8 
Iron and alumina oxides ........ 26.2 
AMC? Woo ddaiees eat widiiaen deem CAO) Ineo? 
MASNCS 1S: 66s ci aaseaaracs . (M20) 24.6 
Soda and Potassium (Na,O0 & K50) _ 3.8 

| 100.0 


16/ Alley, E. N., Zonolite; Utilizing a Useless Mineral: 
Press, vol. 120, No. 21, 1925, op. 819820. 
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The high-ma¢ snes ia content of ‘jefferisite suszests its derivation from 
vhlogovite, whose optical characteristics are similar. The specific gravity 
of the mineral is given as 2.5.. After heating, the- expanded mass has been re~ 
‘ported to have a gravity as lew as 0.057. The averase product is heavier than 
this and varies in weight.from 6 to 20 pounds: ver cubic foot. This material is 
called NZonolite™ locally and for ven al 


The mining and treatment of vermiculite in 1 Montana Hae been described 
as Follows. ‘17 2, 

"Zonolite is mined at a reasonatle expense ty the.caving system and 
the costs will be further reduced by the installation of a projected aerial 
tram. The mineral may then be worked off from the grees roots with drag lines 
and the tram will _Teduce haulage GON oe ek Ga gS ee. 


ithe cea now in operation turns out a eeoduee: rancine from Turnace 
run and lumo to as fine as that vassing: 2 100-mesh screen. In milling, the 
‘Zonolite is fed to a 5 foot in diamete» by £0 foot long rotary kiln ty a screw 
conveyor. Toe kiln is lined with four ledzes of end wedge fire brick which . 
were constructed the full. length of the kiln to facilitate exposure to the 
heat during the passage of the Zonolite. The heat is develoned to 1500 degrees 
Fahrenneit by a Ray oil burner, introduced at the lower end of the kiln and 
drawn throvgn with a Stack arait. : 


¢ 


NATter passing fieeueh a vase mill, the oroduct is conveyed toa 
Williams crusher anl pulverizer. mill of the BX special type which is directly 
connected to a 40 h». motor running at 3,400 r.p.m., It vasses through an air 
separator and is conveved to a cyclone at the tov of the plant. It posses Ty 
gravity to the receiving bins which discharge into Retex screens where it is 
sieved to the desired fineness. It is then transported -to the storege bins . 
to be sacked for shipment as. sete a 4 7 | | 


Many Hebeneial uses of this mateetal haus heen determined. For heat 
and cold insulation it has been recommended for fireless” cookers, incubetors, 
pive and toiler covering, and also as fireproofing material for filing cabinets 
and vaults. Its attractive golden color has suggested its use as a decorative 
material in wall paper. It also has possitle uses in wall. board, -kalsomines, 
and sound deadeners, in foundry work, and for- covering galvanizing tanks where 
the Hoeven zinc must be vrotected from the aaareng Similar purposes. 


Mica séniet: 


Mica schist is one of the commonest and most widely distributed meta~ 
moronic rocks. It is closely related to gneiss and quartzite tut is character- 
ized by its consvicuous mica content; which may be either muscovite or biotite. 
These metamorvhic rocks apparently have been formed from siliceous and argilla— 
ceous sediments, which have been: subjected to varying amounts of heat and com- 
pression, causing recrystallization of the original minerals into new combina- 
tioms. The clay of the sediments maz be. changed to mica and the sand to com- 
pact, crystalline quartz, together with many accessory.minerals, The mica is 
commonly oriented to PE Ooee a. Dangrece structure in the rock along wnich it 
Solits readily. 

17] Pit and Quarry, Quarrying and Rerinine enolate: vol. 16, No. 4, 1928, “p. 82. 
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Tne amount of mica present in the schist is subject to the greatest 
variation. The striking appearance of the mica scales, with their high reflec- 
tion of light, is misleading, and the amount of mica present appears to be 
greater than it actually is. The size-of the mica scales also varies rreatly, 
ranging from microscovic to over 1 inch in diameter. The amount of mica in 
the rock may be only a few ver cent, or in some instances it may be npresjmt in 
massive aggregates of interzgrown crystals which constitute the bulk of the rock. 


Some mica schists have been milled to produce ground mica,.as des- 
cribed under biotite mica. For this »urnose the scnist should have as high a 
mica content as possible because the »resence of other minerals which are value-— 
less complicates the problem of milling and adds to the cost. No definite pro- 
cedure has been established for utilizing these schists; each local occurrence 
has to be treated as a different problem. Processes involving the use of air 
classification and hydraulic concentration heave been employed. Exverimental 
work on a commercial scale demonstrated that the mica in a vartly keolinized 
schist could be recovered by concentration on wet tables, such as cre used 
commonly in the treatment of lend, zinc, conver, and other metallic ores. ‘The 
disintesrated schist was vassed through a log washer to remove kaolin and then 
conveyed to a ball mill vrovided with ribbed liners. Ammle water was added and 
the material was ground until the mica aggregates were broken up int»> separate 
flakes. The mill pulp was then passed to tables where a successful seraration 
from quartz, the principal gangue mineral, was-made. The difference in gravity 
is almost nezligible (0.2) but the flazelike character of the mica aided con- 
centration, as it helped the mica particles to float. ‘The mica concentrate 
was treated further in a pulsating leer ces producing a product clean 
enough for commercial USEC. 


Mica schists have been used extensively in masonry construction. 
When freshly quarried the rock may be readily worked. Generally it is chiseled 
to 4-inch blocks, which are used for facing. The reflection of the mica scales 
in the rock produces a lively effect, which is attractive for house construc-— 
tion. The ease with which some schists mav be svlit mkesit possible to pro- 
duce thin slabs suitable for roofing in the same manner as heavy slates are 
emvloyed. 


Considerable quantities of mica schists are used as a refractory in 
the iron and steel industry. Quarries to supply this market are onerated at 
Glenside, Pa., about 10 miles north of Philadelphia, where the Edge Hill Silica 
Rock Co. operates a quarry whicn has been developed systematically. aA face 
200 by 400 feet is exposed. Holes are drilled by mechanical drills ond shot 
with dynamite, bat the large blocks are broken with black powder, so as to 
producsé 2a minimum of fines. The schist is troken and trimmed to square blocks 
which are ready for the market. These blocks are employed principally for 
lining Bessemer converters and also in ladles, cuvolas, soaking pits, ond hot 
metal mixers, and even for patching in hot zones. When the schist tlocks are 
laid it is essential that they be placed with the laminations horizontally, 
otherwise excessive spalling may occur. When heated the mica appears to fuse 
and bond the whole mass. This self~bonding feature is a desirable assct. 
Attemts to saw resular shaves have not been successful due to the hardness of 
the rock. Crushing the rock to produce Ghidem grit was unprofitable tecause 
the excessive wear on the crushing equivment required exoensive repairs. 
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Clinochlore 


Clinochlore is a memter of the chlorite frouo of mincrals and strict- 
ly sveaking is not a mica, although it exhibits mony similar vhvsical vronerties 
and a related chemical composition. It kas a basal clenvaze like nice, although 
not quite so well develoved. It is of sccondary origin and occurs comnonly in 
Scuists and serpentine, where its characteristic srean color is readily recog 
nized. Massive agsregates of clinochlore wnich were canoble of simplying a 
commercinl tonnage cf the mineral, have been found occasionally. In these 
nserezates the clinochlore occurs as a mess of small intergrown scales similar 
to Some varieties of mica schist. Such materinl has beon vrevared for marxet 
by grinding. The finished product found a limited use for surfacing rolled 
roofing end as an inert filler. Jt is inferior to mica in that its covering 
power is less. Its wnattractive color has also limited its industricl utili- 
zation. 


Chlorite schist, consisting chiefly of clinochlore, was mired and 
sold for manv years at Canton, Cherokee County, Ga., ty the American Mica Co., 
7 Hanover St., New York City, but onverations were discontinued in 1927. Thomn- 
son, Weinman & Co., of Cartersville, Ga., reported production at Canton, the 
matcorial veing ground at Cartersville and sold to manufacturers of rubber goods. 


we me me me 
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